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I. INTRODUCTION
The "balsam fir is found from Maine to Minnesota, north
to Hudson's Bay and on the eastern slope of the Rocky Mountains in
Canada and northern United States.
The tree grows to a height of from 50 to 90 feet, with a
diameter of 18 to 24 inches at its case. It thrives best in slight^
swampy soil or at least where there is an abundance of moisture. Its
trunk is smooth, and of a dark grayish brown color, covered with num-
erous balsam blisters. The tree is very straight, with many whorled,
horizontally spreading branches, which, gradually diminishing in
lengths upwards, gives to the tops a cone-shape form. The bark
8 trips readily; the wood is white or at the most a very light brown,
while the heart-wood is but slightly darker in color than the sap-
wood. The timber is compact, but of low specific gravity, soft and
not very durable. No large tap-root is formed, but the roots spread
out horizontally near the surface, these are covered with a deep
red bark, which peels off in scales near the surface.
In this tree the secretory canals are distributed in very
nearly the same manner as in the species, Abies pectinata. Upon
piercing the utricules, which profusely cover the trunk of the tree
and cause a protrudence in the exterior layer of the bark, the "Cana-
da balsam" of commerce is obtained.
It is collected by means of a small can with a tube pro-
ceeding from the top. This tube is of iron and sharpened; the blis-
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ters are pierced with this instrument, and the liquid flows down the
tube into the can. The oleo-resin is then filtered in the sunlight
and sent to the market. A large balsam fir, rich in gum, will yield
as much as a pound of balsam, but the usual production of each tree
J
is about 8 ounces. The collection is made from about June 15th to
August 15th. It can not be collected during a rain or even on the
same day, as the water falling from the branches mixes with the gum
thus rendering it milky and unsaleable.
A tree should not be pierced two years in succession and
a rest of at least two or three years is required before tapping
again; even then the yield is always very much less than the first.
When "Canada balsam" is first collected, it is very turbid,
but on standing gradually clarifies and becomes transparent. It has
a rather pale yellow color, with a slight greenish tinge, but still
retains its transparency. On exposure to air it dries and becomes
darker in color.
A microscopic examination shows that it does not posses a
j
crystalline and granular structure as is characteristic of some other
turpentine.
A. Tschrich (Abstracts, Journal of the Chemical Society,
Vol. 78, Part 1, 678, 1900) gives the following physical constants a
and composition: It is dextro-rotary + 1° to 4 4°, but on distilla-
tion with steam give a laevo-rotary essential oil (15 - 20%), boil-
ing at 160° C. It is insoluble in water, but soluble in either eth-
er or benzene and gives a turbid solution wi th alcohol, due to the
fact that one of the resins is with difficulty soluble in this sol-
vent. It has a specific gravity of about 0.990, a refractive index
of 1.5200 at 20° C (this distinguishes this balsam from all others),
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an acid number of 80 to 89 and an ester number of from 4 to 10.
Resin Acids
A. Soluble in ammonium carbonate
1. Amorphous 13$
B. Insoluble in ammonium carbonate
1. Cry stalli sable 3$
2. Amorphous 48-50$
Indifferent Resin
Insoluble in alkalies 1-12$
Essential Oil
A. Volatile in steam, laevo-rotary 23-24$
B. Tailings
Minor Constituents
Bitter principle, alkaloid, succinic acid,
coloring matter, water and impurities 1-2$
Oleo-resins are a class of resinous exudations from trees,
obtained by tapping or excreted naturally. They consist principal-
ly of mixtures of acid resins, resenes and volative oils in varying
amounts, but only rarely do they contain any esters. They are not
appreciably soluble in water, although some yield small amounts of
formic or succinic acid to that solvent and, according to A.
Tschrich, an alkaloid.
The term turpentine should be limited in its use, to the
oleo-resins obtained from the coniferous trees (e.g. Abies, Juni-
perus and Pinus). It is quite frequently applied .however , to the es-
sential oil obtained when the crude turpentine is di stilled , leaving , ,

non-volatile resin as a by-product.
The term balsam should be applied to such of those oleo-
resins which contain cinnamic or benzoic acid and yield either the
methyl or ethyl esters of those acids on dry distillation.
Thus it will be clearly seen by the above definitions of
oleo-resins, turpentine and balsams, that the term of balsam is mis-
applied to "Canada balsam" and "copaiba balsam" for these are really
true turpentines as they do not contain or yield benzoic, or cinna-
mic acids or their esters. The "dragon blood" is more properly clas-
sified among the resins.
The most common adulterant of Canadian balsam is a fac-
titious "Oregon balsam," made by mixing colophony and oil of turpen-
tine. There seems to be very little difference between this and the
Canada balsam. The specific gravity of this factitious balsam is
practically the same as that of the Canadian resin, while this sub-
stitute is laevo-rotary , the Canadian oleo-resin is dextro-ro tary
.
Also, there is very little difference shown between the volatile oil
distilled from each of the two resins. The ester number of the adut
terant is the higher, but the greatest differences are shown by the
acid numbers, that of the former is 153, (acid number of colophony is
155), while that of the latter is 80 to 89, and by the optical rota-
tion, that of the factitious balsam is-37° to 4 1° to+4° of the Cana-
dian product.
The true Oregon balsam come from Pseudotsuga mucronata,
which is commonly known as the Douglas spruce fir, Douglas fir, and
red fir, found throughout the Rocky Mountain region, especially thru
Oregon. It has the following physical constants: acid number 102-11$
specific gravity 1. 01-. 985 .o^ - 1° 16* to + 4° 13*.
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In the "Proceedings of the Pennsylvania Pharmaceutal Asso-
ciation," 1913, 328-331, J. G. Roberts and M. W. Becker give the
following method for differentiating between the Canadian and Oregon
balsams. The former is thicker, is not entirely soluble in alcohol
and solidifies when mixed with 20% of its weight of MgO or CaO, while
the Oregon balsam does not respond to this test. Again the former
dries to a smooth film, without tackiness, while the latter remains
sticky and therefore can not be used in microscopy. The acid number
of the second is usually considerable higher than that of the first
mentioned resin.

II. EXPERIMENTAL
The sample of "balsam fir used in this analysis was obtain-
ed by Dr. G. D. Beal from Loring, Ontario.
BENZENE EXTRACT. The bark, about 600 grams, was finely
broken up and extracted for sixty hours on a water-bath with benzene.
The extract was decanted and the bark was extracted with a second
portion of benzene for a period of forty-eight hours. The two ex-
tracts were then combined; the benzene evaporated and the residue was
saponified with alcoholic potassium hydroxide. When the saponifica-
tion was complete the alcohol was driven off and the residue was tak-
en up with water. The aqueous solution was then extracted repeatedly'
with ether. The ethereal solution was warmed to expel the ether, and
the unsaponifiable matter was thus recovered.
ACID FRACTION. The aqueous solution was acidified with
dilute sulphuric acid and extracted with ether to recover the acids.
By shaking the ethereal solutions of the acids successively with 1%
solutions of ammonium carbonate, sodium carbonate and sodium hydroxid
-
and then acidifying the aqueous extracts with dilute sulphuric acid
and extracting thoroughly with ether, which was then driven off, the
acids were recovered and the following results obtained:
Soluble in 1% solution of ammonium carbonate — 65.5-66.7$
Soluble in 1% solution of sodium carbonate 29.3-50.2$
Soluble in 1% solution of sodium hydroxide 3.9-4.3$
AMMONIUM CARBONATE FRACTION. A portion (7 grams) of the
acids, which were soluble in the ammonium carbonate solution, were

dissolved in dilute sodium hydroxide and, after having made the solu-j
tion neutral, were precipitated with silver nitrate. The precipitate
formed was amorphous and of a light yellow color which turned dark
I
rapidly on exposure to the light. The silver salts were digested
successively with the following solvents: ether, alcohol, chloroform,
petroleum ether, carbon tetra-chloride , carbon disulphide, acetone
and ethyl acelate, but none had any solvent action on them.
So the salts were decomposed by dilute hydro chloric acid
and the resin acids were recovered with ether. After removing the
ether, the acids were carefully dried and dissolved in absolute al-
cohol. The solution was kept cool by ice-water; dry gaseous hydro-
chloric was passed in to the point of saturation, thus forming the
ethyl esters of the acid.
As the acids of the resin are difficult to esterify the
Twichell method for separating the fatty acids from the resin acids
I
was used. The proceedure was as follows: the esters were dissolved
in ether and extracted with 1% solution of sodium hydroxide, keeping
the solution as cold as possible in order to prevent the hydrolysis
of the esters. The alkaline solution was acidified and extracted
with ether, yielding 5.0 grams of acids which were therefor not es-
terified by the above proceedure.
An attempt was made to separate these acids by fractional
crystallization from alcohol and various mixed and solvents, but on-
ly a dark brown amorphous resin-like residue was obtained.
The mean molecular weight of the acids was obtained by the
following proceedure: a weighed quantity of the mixed acids was dis-
solved in recently neutralized alcohol and titrated with standard
potassium hydroxide solution, using phenolphthalei n as the indicator.
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The average mean molecular weight of 510.5 and average neutralization
value of 109.5 was obtained.
Wt. of Sample No. CC of 0.329 N KOH. N. V. Mean Mol. Wt.
.577 3.45 110 509
.770 4.55 109 512
Mol. Wt. of NaOH : Mol. Wt. of Acid :: Grams of NaCH : Grams of Acid
56.1 : x :: 3.45 x 0.329 x 0.056 : .577
X « 509 = mean mol. weight
(3.45 x 0.329 x 0.056) * 0.577 = .110 grams potassium hydroxide
.110 x 1000 = 110 2 neutralization value
The ethyl esters were separated into two parts by fraction;
al distillation under a diminished pressure of 70 mm: fraction (A)
distilling from 70°-90° C and residue (B). The distillation was not
carried any further as the ester began to char slightly at 90° C.
The fraction (A)
,
amounting to .09 grams is a light yellow!
oil, soluble in alcohol, ether, chloroform, benzene, pyridine, ethyl
acetate and insoluble in petroleum ether.
No crystals could be obtained by the use of the proceed-
ing solvents nor did the use of mixed solvents give any success.
The ester was then saponified with alcoholic potassium
hydroxide; the solution was made acid with sulphuric acid and extract*
ed with ether, thus recovering the free acids. Again, no further
separation or crystalline substance could be obtained by means of the
above mentioned solvents.
The black residue (B), obtained as described in a proceed-l

ing paragraph, was next digested with cold 9b% alcohol, which par-
tially dissolved it, leaving a black varnish-like residue of about
0.2 grams. This ester was soluble in benzene, but insoluble in pe-
troleum ether. Nothing of a crystalline nature could be eliminated
by the usual solvents and mixed solvents. The same results were
met with in recovering the free acid, by saponification and subse-
quent acidification and extraction by ether of the alkaline solution.
A dark brov/n varnish-like free acid was obtained, which gave a mean
molecular weight of 315 and neutralization value of 175 by the titra-
tion method.
Wt. of Sample No. of CC of 0.329 N KOH N. V. Mean Hoi. Wt.
.084 0.8 175 313
The alcoholic solution of the ester, obtained as describ-
ed in the foregoing paragraph, was allowed to evaporate to dryness
and treated with the usual solvents, namely alcohol, ether, chloro-
form, benzene, petroleum ether, pyridine and ethyl acetate. This
method produced no satisfactory results; neither were any obtained
by recovering the free acid by the usual method, and treating it
with the various solvents. The mean molecular weight and the neu-
tralization value of the acids was found to be 195 and 359 respec-
tively.
Wt. of Sample No. of CC of 0.329 N KOH N. V. Mean Mol. Wt.
.0925 1.8 359 195
EXAMINATION OF SODIUM CARBONATE SOLUBLE ACIDS. The acids
(6.6 grams) were dissolved in dilute sodium hydroxide; then the solu-
tion was made neutral, and the acids were precipitated by silver
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nitrate. The resulting salts were amorphous and of a light yellow
color, which gradually turned darker on exposure to the light. The
i filtrate from the silver nitrate precipitation contained no organic
material, thus all of the silver salts were insoluble in the neutral
solution. The salts were then digested with ether and chloroform.
The ether soluble salts amounted to about 4.4 grams, and
were dark red brown in color. The free acids of the silver salts
were next recovered by boiling with dilute hydrochloric acid under a
reflux condenser for one hour and extracting with ether.
These recovered acids were treated successively with the
following solvents: ether, alcohol, chloroform, carbon tetrachloride
petroleum ether, ethyl acetate and various mixtures of these solvents
Nothing of a crystalline nature could be isolated. Analysis of the
silver salts of the acids gave a mean molecular weight of 490. While
the titration method gave a mean molecular weight of 371.5 and a
neutralization value of 150.5.
Wt. of Sample No. CC of 0,329 IT KOH N. V. Mean Mol. Weight.
.6465 5.3 151 370
.6890 5.6 150 373
The discrepancy between the two values shows that probably
some free acid was occluded in the silver precipitate.
The chloroform dissolved 1.6 grams of the silver salt,
leaving only a trace of the salts undissolved. On evaporating the
chloroform extract a. greenish-black varnish-like resin was obtained,
which could not be crystallized. The salt was then decomposed by
boiling dilute hydrochloric acid and the free acids extracted by
shaking with ether.
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These free acids were then treated successively with the
following: ether, alcohol, chloroform and petroleum ether, hut no
definite crystalline substance could he isolated. By titrating with
standard potassium hydroxide solution the mean molecular weight and
neutralization value of these acids were found to "be 428 and 131
respectively
.
Wt. of Sample No. CC of 0.329 N KOH N. V. Mean Mol. Wt.
.6012 4.3 132 425
m
.6397 4.5 130 431
The amount of silver salts left undissolved by these
solvents was too small to attempt to identify.
EXAMINATION OF THE ACIDS SOLUBLE IN SODIUM HYDROXIDE.
These acids were rich red-brown, gummy substances. About 3 grams of
them were dissolved in dilute sodium hydroxide and were precipitated
from a neutral solution by silver nitrate. The precipitate was
amorphous and light yellow in color which darkened on exposure to
light. The silver salts were soluble in both ether and chloroform,
but were insoluble in alcohol, petroleum ether and carbon tetrachlo-
ride.
The free acids could not be crystallized from ether, al-
cohol, chloroform, petroleum ether, carbon tetrachloride, pyridine
or ethyl acetate. The mean molecular weight of the acids was deter-
mined by titrating with standard potassium hydroxide solution in al-
cohol and found to be 583, while the neutralization value was 96.
Wt. of Sample No. CC of 0.329 N KOH N. V. Mean Mol. Weight
.8038 4.20 96.5 501
1.0513 5.45 95.5 585

EXAMINATION OF THE UNSAPONIFI ABLE MATTER. According to
Ts enrich (see page 2) the Canada balsam contains an alkaloid as a
minor constituent. The unsaponi fiable matter was extracted with 1%
hydrochloric acid and the resulting solution was tested for alkaloids
j
by treating it with Wagner's and Meyer's alkaloidal reagents. Nega-
tive results were found.
About 7 grams of the unsaponi fiable matter was refluxed
for an hour with 10 grams of acetic anhydride. The unsaponi fiable
matter entirely dissolved in the anhydride, thus showing the absence
of hydrocarbons, and on cooling no crystals separated out, thus prov-
ing the absence of phy tosterols. A confirmatory test was made again
later in the analysis.
The hot acetic anhydride solution was poured in 500 CC
boiling distilled water and boiled to destroy the excess anhydride.
The acid solution was then placed in a separatory funnel and repeat-
edly washed with water until the washings were no longer acid. The
acetates were treated with hot 95$ alcohol. A brown gummy residue,
amounting to approximately to one gram remained.
This gummy substance was then tested for phytosterols by
the tests of Salkowski and Buchard, The Salkowski * s test consists
of dissolving the substance in chloroform, placing a drop of the so-
lution on filter paper, drying and adding concentrated sulphuric acid
to the spot. If phytosterol is present there will be a yellow color,
which on pouring off the sulphuric acid changes to a reddish color.
In Buchard reaction a solution of phytosterol in chloroform, and in
the presence of a small amount of acetic anhydride, gives, on adding
concentrated sulphuric acid, drop by drop, a green color. Both of
these tests gave negative results.
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The acetates were then digested with ether which dissolved
part of them leaving a gummy yellow residue, approximately 0.3 grams.
These acetates were soluble in benzene but insoluble in petroleum,
and nothing of a crystalline nature could be isolated from them.
The esters were next broken up by saponification; and the
resulting alcohols were treated successively with the following sol-
vents: ether, chloroform benzene, petroleum ether. Again, no crys-
tals could be obtained.
The ester soluble in ether, as mentioned in the preceed-
ing paragraph, gave a yellow floculent amorphous precipitate from
that solvent, which was insoluble in petroleum ether. Nothing could
be separated by means of carbon tetrachloride, pyridine and alcohol
or a mixture of ether and petroleum ether.
The hot alcoholic extract of the acetate esters, secured
as described in the sixth paragraph preceding this, was cooled, and ,
a white, floculent, amorphous precipitate settle out. This precipi-
tate was insoluble in petroleum ether so fractional crystallization
from alcohol and petroleum ether was tried, but met with no success.
The free alcohol was secured by saponification and extraction with
ether. The resulting alcohols (0.2 grama) were soluble in ether,
alcohol, benzene, chloroform, alcohol and ether, alcohol and chloro-
j
form, but no definite crystalline substance could be eliminated.
The portion of the ester, which was soluble in the cold
alcohol, gave a yellow, floculent, amorphous precipitate from alco-
hol. On saponification and extraction with ether 5.5 grams (approx-
imately) the original substance was recovered. Attempts to crystaliz
this met with no success.
FRACTIONATION OF THE BALSAM. A second portion of the fir
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bark, 335 grams, was extracted with two portions of benzene, on a
water-bath, under a reflux condenser, for 48 hours. An extract a-
mounting to 25 grams was obtained.
A portion of the extract (10. 1 graras) was redissolved in
benzene and diluted with about an equal amount of petroleum ether.
The solution was then kept as cool as possible by means of ice and
salt for 24 hours. A white amorphous substance (1.13 grams) settled
out; the liquid was decanted off, but no crystals could be obtained
from the residue, which was too gummy in nature to permit a melting
point to be taken, by the use of benzene and petroleum ether or al-
cohol.
The saponification number of this substance was obtained
by boiling with alcoholic sodium hydroxide for one hour and titrating
the excess of alkali. The number thus found was 254; while the acid
number was 112, thus giving an ester number of 142.
Wt. of Sample No. CC of 0.325 N KOH Acid No. Ester No.
.2201 1.4 112 241
Wt. of Sample No. CC NaOH No. CC.497 N HC1 Diff. Saponifi catiof.
Blank Sample No.
.2315 25 51.2 48.25 2.95 353
51.2 - 48.29 = 2.95 CC HC1 equivalent of alkali consumed by sample
2.95 x .497 x 36.46 : X :: 36.46: 561
X - .0822 gram KOH required by sample.
.0822
*
2315 x = 353 s saponification number.
The remaining benzene and petroleum ether mixture was
again cooled down and allowed to stand 24 hours longer. A residue,
which was soluble in the mixture at room-temperature, and amounted
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1
to 0.78 grams, of the same description as above, was obtained. The
saponification number of this substance was 753, the acid number 103,5
thus giving an ester number of 650.
Wt. of Sample No. CC of 0.329 N KOH Acid No. Ester No.
,207 1.10 103 949
Wt. of Sample No. CC NaOH No. CC. ,497 N HC1 Diff. Saponification
Blank Sample No.
.207 25 51.2 43.40 7.8 1052
The benzene and petroleum ether mixture was cooled down
for the third time and allowed to stand for 24 hours; the solution
being kept as cool as possible during that time. A residue of 0.255
|
grams and of the same character as the above precipitates was ob-
tained, giving a saponification number of 194, an acid number of 110
and an ester number of 84.
Wt. of Sample No. CC of 0.329 N KOH Acid No. Ester No.
.210 1.25 110 161
Wt. of Sample No. CC NaOH No. CC .497 N HC1 Diff. Saponification
Blank Sample No.
.206 25 51.2 49.2 2.0 271
In considering the saponification numbers, acid numbers
and ester numbers of the three precipitates so obtained, it is self-
evident that the residues are greatly different in composition.
A second portion of the benzene extract was saponified
with alcoholic sodium hydroxide, the alcohol evaporated off, the
residue dissolved in water, and the saponifiable matter extracted by
shaking repeatedly with portions of ether. The remaining alkaline
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solution was acidified with sulphuric acid and extracted thoroughly
with ether.
The mean molecular weight of the acid, so recovered, was
determined "by titration in alcohol, previously neutralized, with
standard potassium hydroxide and was found to be 293, while the
neutralization value was 91.
Wt. of Sample No. CC of 0.329 N KOH N. V. Mean Mol. Wt.
1.0380 10.8 93 292
1.4129 14.5 89 296
0.8800 9.2 93 291
i
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III. SUMMARY
The finely broken bark was extracted with several portion^
of benzene. The resulting extract was separated into two fractions,
j
the acids and unsaponif i able matter, by saponification.
The acid portion was separated into three fractions by
extracting their ethereal solution successively with 1% solutions of
ammonium carbonate, sodium carbonate and sodium hydroxide.
The ammonium carbonate soluble fraction was further frac-
tionated by esterification with ethyl alcohol, by extraction of the
resulting solution with 1% sodium hydroxide, and subsequent frac-
tional distillation of the ester, insoluble in the alkali.
The acids, soluble in sodium carbonate, were further sub-;
divided by taking advantage of the difference in the solubility of
their silver salts in ether.
The acids, so obtained from the bark, were brown, amor-
phous, resin-like substances, which did not crystallize from any of
the usual organic solvents.
The neutralization values and mean molecular weights of
these acids were determined by titrating with standard potassium
hydroxide solution, using phenolphthale in as an indicator.
The unsaponif iable matter, which contained the alcohols
and indifferent resenes, was treated with acetic anhydride, the re-
sulting acetate esters were fractionated according to their solubil-
1
ity in 95$ alcohol, hot and cold, and ether. The free alcohols and
resenes recovered from these fractions were brown gummy substances,
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which could not be crystallized from the usual solvents.
A second portion of bark was extracted with benzene. A
part of this extract was diluted with about an equal volume of pe-
troleum ether and was allowed to stand for 24 hours at a low temper-
ature. By this method three white, amorphous precipitates were ob-
tained.
The ester, acid, and saponification numbers, determined
by the usual method, showed these fractions were mixtures of esters
and acids.
The results, obtained in the analysis, are shown in the
following table.
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EIRST BENZENE EXTRACT
Per Cent N. V. Lie an mo 1 •
Wt.
91 293
SAPONIFIABLE MATTER
Soluble in 1# solution of (NH4 ) 2 C03 65.5-66.7 150.5 367.5
118 472.5
96 583
ACIDS SOLUBLE IN 1% SOLUTION OP (NH4 ) 2 C03
Acids, whose esters distill below
Acids, whose esters distill above
90 C, and insoluble in 95% alcohol cold.. 3 175 313
Acids, whose esters distill above
90° C, and soluble in 95% alcohol cold 4 559 195
Acids, which were not esterified 30 109.5 510.5
ACIDS SOLUBLE IN 1% SOLUTION 0E Na2 C03
Acids, silver salts soluble in ether,
159.5 371.5
Acids, silver salts soluble in chloro-
131 428
Acids, silver salts insoluble (by dif-

20
UNSAPONI FI ABLE MATTER
Soluble in (cold) 95% alcohol, approximately
Soluble in (hot) 95% alcohol, approximately..
Insoluble in (hot) 95% alcohol and insoluble in ether.
Insoluble in (hot) 95% alcohol and soluble in ether...
Error in determining the small amounts, (by difference)
SECOND BENZENE EXTRACT
Saponification No. Acid
First precipitate 353 112
Second precipitate 1052 103
Third precipitate 271 110
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